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ABSTRACT Phosphate-deprived Euglena acquire the ability to rapidly in-
corporate added phosphate and, also, synthesize an induced acid phosphatase 
localized in the pellicle. The phosphate uptake system is saturated at low con-
centrations of phosphate and is inhibited by dinitrophenol, by low tempera-
ture, by K
+, Li+, and Na
+ ions, and competitively by arsenate. The orthophos-
phate incorporated into the cell is rapidly converted into organic forms but 
enough remains unesterified to suggest that the uptake is an active transport 
process. The data do not rule out the possibility that the induced phosphatase 
is involved in the transport process. 
Phosphate participates in an essential way in a number of cell functions, 
including glycolysis, oxidative phosphorylation, and nucleic acid synthesis. 
In almost all the cell types studied, the entry of phosphate seems to be con-
trolled at the cell surface (1). In yeast, in which phosphate can be transported 
against a concentration gradient, the accumulation of phosphate depends on 
glycolysis and on the presence of cations such as potassium or magnesium (2) 
and is competitively inhibited by arsenate (3). In phosphate-starved yeast 
there is an increased level of acid phosphatase activity (4) and an increased 
rate of phosphate accumulation, but both Rothstein and Meier (5) and 
Borst Pauwels (6) have concluded that the acid phosphatases of yeast do not 
directly function in the uptake of phosphate. It has recently been shown that 
Euglena gracilis synthesizes an induced acid phosphatase as growth ceases 
because of phosphate deprivation (7, 8) and acquires the ability to rapidly 
accumulate phosphate (8). In phosphate-deprived yeast it is probable that 
the increase in acid phosphatase activity occurs primarily in the region be-
tween the cell membrane and the cell wall (9, 10). In Euglena the induced 
enzyme is localized in specific helical regions of the cell surface (11). Because 
of these similarities it appeared that an investigation of phosphate accumula-
tion by Euglena would contribute not only to our understanding of the phys-
iology of this flagellate but also might be of interest from the comparative 
point of view. In this paper we present evidence concerning the effects of 
temperature, pH, cations, and several types of inhibitors on phosphate 
uptake in Euglena. 
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METHODS 
The organism used was Euglena gracilis var. bacillaris, strain SMLI (streptomycin-
bleached). It was grown axenically with ethanol as the sole carbon source under cul-
ture conditions already described (8). Cells were counted with a Coulter Counter 
(Coulter Co., Hialeah, Fla.). Total acid phosphatase activity was assayed at pH 5 on 
toluene-treated cells with jb-nitrophenylphosphate as substrate. When desired, the 
amount of induced acid phosphatase activity and the amount of constitutive acid 
phosphatase activity were obtained by assaying the activities at pH 5 and pH 7 in 
the presence of fluoride, as described in detail elsewhere (8). 
At various stages of induction cells were collected by centrifugation for 5 min at 
800 X g and resuspended in fresh medium containing ethanol but no phosphate. 
Aliquots of cells were placed in Erlenmeyer flasks on the gyrating platform of a con-
stant temperature bath set at 25°C. At intervals after the addition of phosphate 
samples were withdrawn, placed in a 12 ml centrifuge tube, and centrifuged for 
30 sec at top speed in the clinical centrifuge. The time at which centrifugation began 
was recorded as the time variable. Immediately after the centrifuge stopped an 
aliquot of the supernatant was withdrawn for analysis. 
In experiments involving the fractionation of the accumulated phosphate into in-
organic phosphate, TCA-soluble organic phosphate, and TCA-insoluble organic 
phosphate, the method of Conner et al. was used (12). Ten ml aliquots were with-
drawn at appropriate intervals, centrifuged 60 sec, and samples of the supernatant 
were withdrawn for phosphate determination and for radioactive assay. The remain-
ing supernatant was decanted by suction and the cells washed three times with ice 
cold 0.5% saline. The washed cells were then extracted with 3 ml of ice cold 5% 
trichloroacetic acid (TCA) for 20 min, centrifuged, and the clear supernatant col-
lected. The extraction was repeated and the supernatants combined. The washed 
cells were resuspended in TCA and suitable aliquots were collected on Millipore filters 
for the determination of TCA-insoluble organic phosphates (see below). The com-
bined supernatants were recentrifuged to ensure complete absence of cells and 0.1 ml 
aliquots were taken for radioactivity measurements. To 5 ml of the cell-free TCA-
extract were then added, in the order given: 0.5 ml K2HPO4 (0.2% w/v); 1.0 ml 
MgS04• 7H20 (15% w/v); 0.75 ml ammonium hydroxide (sp gr 0.88). The contents 
were mixed, covered, and left overnight at about 4°C. The precipitate of magneium 
ammonium phosphate was then packed by centrifugation, washed with 5 ml of ice 
cold ammonium hydroxide (diluted 340)י
 and recentrifuged. The supernatant fluid 
was decanted by suction and the precipitate dissolved in 5 ml of 0.1 N HC1. Suitable 
aliquots of the dissolved orthophosphate were taken for radioactive counting. 
Chemical analyses of arsenate or phosphate were done by a modified Fiske-
Subbarow procedure (13). Radioactive phosphate (P
82) or arsenate (As
77) was mixed 
with unlabeled phosphate or arsenate to give appropriate count rates and concen-
trations. For radioactive counts of supernatant fractions, 0.2 ml samples were placed 
in vials and approximately 10 ml of scintillation fluid were added. For radioactive 
counts of cells the suspension was collected on 25 mm diameter Millipore filters which 
were then placed in vials with 10 ml of scintillation fluid. The scintillation fluid used 35! ג 
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consisted of 6 volumes of ethanol plus 10 volumes of toluene containing 300 mg of 
dimethyl p-bis 2 -(5 -phenyloxazolyl) benzene and 5 g of 2,5-diphenyloxazole per 
liter. Radioactivity was measured in a Packard Tricarb scintillation counter. 2,4-
Dinitrophenol was recrystallized before used. Primycin was a gift of Dr. T. Valyi-
Nagy. All other chemicals were reagent grade. 
FIGURE 1. Dependence of phosphate uptake rate on initial concentration of phosphate• 
P
32-labeled orthophosphate with a specific activity of 119 cPM/m/1mole was added at 
the concentrations shown on the abscissa and the rate of phosphate uptake was meas-
ured during the next 40 to 60 min. The cell count ranged from 0.05 to 1.2• 10
6 cell/ml. 
The data were obtained on two successive days (filled circles, day 1; open squares, 
day 2) from a culture which became fully induced on day 1. The acid phosphatase 
activities at pH 5 on days 1 and 2 were 21.4 and 20.9 myumoles /?-nitrophenylphosphate 
hydrolyzed/10
6 cells/min respectively. The units of phosphate uptake are m/zmoles/ 
min/10
6 cells. 
RESULTS 
A. Factors Affecting the Rate of Uptake of Phosphate 
It was observed in the initial experiments on phosphate uptake in induced 
Euglena that there was little or no alteration of phosphate uptake rate on 
external phosphate concentration down to external concentrations of 0.1 
jttmole /ml (8). Since one characteristic of a carrier system or of an active 
transport system is that it is saturable, it was of interest to examine the 
concentration dependence of phosphate uptake over a wider range of initial 
phosphate concentration. Data obtained from fully induced cells show that 
the rate of phosphate uptake by Euglena is virtually independent of the initial 
external concentration above 0.1 ^mole/ml and decreases at lower initial 
concentrations (Fig. 1). Because the rate data obtained at low initial concen-
trations are not highly accurate, we refrain from presenting the data as a 
Lineweaver-Burk plot, but, if the uptake system does obey Michaelis-Menten THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66  I I 14 
kinetics, the Km is about 0.016 /*mole/ml, i.e. considerably less than the Km 
of 0.4 jumole/ml observed by Goodman and Rothstein for yeast (2), but much 
larger than the value 0.0005 /^mole/ml reported by Borst Pauwels (14). 
Arsenate is an analogue of phosphate which is known to interfere in both 
glycolysis and in oxidative phosphorylation. In yeast, arsenate competitively 
inhibits phosphate uptake (3). In Euglena, also, arsenate is a competitive 
inhibitor of phosphate uptake, since the data fit the relation 
V/V! = 1 + KJ/(Km + S)K! 
characteristic of simple competitive inhibition (Fig. 2, cf. reference 3). If 
one assumes that the Michaelis constant, Km, for phosphate transport is 
FIGURE 2. Inhibition of phosphate uptake by arsenate. The phosphate concentration 
was 0.281 MM and its specific activity was 2.68• 10
6 CPM/jumole. On the ordinate is 
plotted the ratio of the phosphate uptake rate by the induced Euglena in the absence 
of arsenate (V = 3.37 m/imoles P/min/10
6 cells) to the phosphate uptake rate in the 
presence of the arsenate concentrations shown on the abscissa. 
1.6 • 10
-
6
 M (see Fig. 1 and text), then one computes a value of about 5.6 • 10
6־ 
M for the inhibition constant, K!, of arsenate. It appears, therefore, that 
arsenate has almost as high an affinity for the transport system as does phos-
phate. Arsenate, however, is accumulated much less rapidly and extensively 
than phosphate. In the experiment shown in Fig. 3 the rate of phosphate 
uptake at an initial phosphate concentration of 0.29 mM was 1.95 m/xmoles/10
6 
cells/min, while the rate of arsenate uptake at the same initial concentration 
of arsenate was 0.22 m/miole/lO
6 cells/min. At lower concentrations of 
arsenate there appears to be an initial period of uptake followed by a complete 
cessation of uptake (cf. reference 3), but even during the initial phase the 
uptake rate is at most 20% of the rate of phosphate uptake. 
In other experiments, such as those shown in Table I, no arsenate uptake 35! ג 
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is observed. Even in these experiments, however, arsenate inhibits phosphate 
uptake, showing that arsenate need not be incorporated into the cell to cause 
inhibition and thus indicating that arsenate can inhibit phosphate uptake 
directly. 
FIGURE 3. Uptake of arsenate and 
of phosphate by induced Euglena. 
The initial concentration of phos-
phate (open circles) or of arsenate 
(filled circles, filled squares, open 
triangles, closed triangles) is shown 
near each curve. 
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TABLE I 
INCORPORATION OF PHOSPHATE AND OF ARSENATE INTO INDUCED Euglena 
No P 0.3 mM P 0.3 mM P38 
As" As" uptake As
7
7
 As
7
7
 uptake As P32 uptake 
/l.'.f mjxmnle^;! 1 (fl/min pM m1*moles/lOs/min jUAf mpmoles/lQs/min 
0 — 0 — 0 2.14 
15 0 15 0 15 1.43 
40 0 40 0 40 1.07 
100 0 100 0 100 0.87 
Euglena which had stopped dividing because of phosphate deprivation were added (at 1.12-10® 
cells/ml) to solutions of fresh media containing the indicated amounts of phosphate and ar-
senate. At about 10 min intervals samples were withdrawn, centrifuged, and aliquots of the 
supernatant were taken for radioactive counting. 
Most transport systems depend on metabolism for the energy necessary to 
maintain concentration differences. In the case of phosphate, where transport 
in red blood cells (15) and in yeast (2) may utilize esterification at the mem-
brane as part of the transport process, the close dependence of phosphate 
uptake on metabolism is well known (2, 16). The inhibition of phosphate I I 14 THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66 
accumulation by 2,4-dinitrophenol (Fig. 4) is compatible with the view that 
in Euglena the uptake of phosphate requires a supply of metabolic energy. 
In yeast, phosphate uptake proceeds rapidly in the presence of potassium 
but very slowly in the presence of sodium. Since little is known about the 
passage of different ions across the pellicle of Euglena, experiments were done 
in which the uptake of phosphate proceeded in the presence of simple salts 
only (Table II). It was found that the rate of phosphate uptake in Tris-malate 
alone was higher than the rate of uptake in the presence of 60 mM NaCl, KC1, 
or LiCl. This may indicate that Tris accompanies phosphate across the 
FIGURE 4. The effect of 2,4-dinitrophenol on phosphate uptake. After collection by 
centrifugation the cells were resuspended in fresh phosphate-deficient medium and incu-
bated at 26 °C with shaking. At zero time a mixture of phosphate and dinitrophenol was 
added to each flask such that the initial phosphate concentration was 0.308 MM and 
the dinitrophenol concentration was that shown on the abscissa. The ordinate shows 
the rate of uptake of phosphate in m/xmoles/lO
6 cells/min. 
pellicle more easily than Na, K, or Li. Furthermore, KC1, NaCl, and LiCl 
all decrease the rate of phosphate accumulation, with Li being the most 
effective inhibitor (Table II, experiment A). At much lower concentrations 
(0.6 mM) neither Ca nor Mg inhibits the rate of phosphate accumulation. 
The inhibition of phosphate uptake increases with increasing concentration 
of Na or Li, and the effect is ion-specific rather than merely due to increasing 
ionic strength. Thus the rate of phosphate uptake in 80 mM NaCl is more 
than twice as fast as the rate in 60 mM LiCl plus 20 mM NaCl (Table II, 
experiment B). This experiment also shows that sodium ions do not interfere 
with the inhibitory effects of lithium ions. Further work is evidently required 
on the effects of monovalent cations on phosphate uptake in Euglena and on 35! ג  J. J. BLUM Phosphate Uptake by Phosphate-Starved, Euglena 
the uptake of the monovalent cations themselves. The present data, however, 
suffice to demonstrate that the uptake of phosphate by induced Euglena is 
inhibited by monovalent cations, in contradistinction to the situation in 
yeast, where potassium (but not sodium) enhances phosphate uptake. 
B. The Distribution of Phosphate in the Cell 
The results so far presented show that phosphate accumulation by Euglena 
occurs via a saturable path and is inhibited by arsenate, dinitrophenol, and 
certain monovalent cations. Since these observations were compatible with 
the view that phosphate uptake occurs via an active transport system, it was 
necessary to determine the fate of phosphate after it entered the cell. For this 
TABLE 11 
EFFECT OF SOME CATIONS ON PHOSPHATE UPTAKE 
Experiment A Experiment B 
Salt Uptake rate Per cent Salt Uptake rate Per cent 
mpjnolesj 108 cellsjmin 
— 2.43 
KC1, 60 mM 1.31 
NaCl, 60 mw 2.01 
LiCl, 60 mM 0.94 
CaCl2, 0.60 MM 2.43 
MgCl2, 0.60 mM 2.43 
Induced Euglena were collected, washed once in 20 mM Tris-malate buffer, pH 6.6, and re-
suspended in Tris-malate. The above indicated salts were also dissolved in this buffer. Phos-
phoric acid was adjusted to pH 6.6 with Tris, diluted to 2.4 MM with water, and P
s2-labeled 
HSP04 was added to give a specific activity of 112 CPM/M^mole. At t — 0, 2 ml of the P
s2-labeled 
phosphate were added to 8 ml of cells containing the salts indicated in the table and samples 
were withdrawn at appropriate intervals for P
3
2
 assay. 
purpose the phosphate compounds of the cell were divided into three cate-
gories: orthophosphate, TCA-soluble phosphate, and cold TCA-insoluble 
phosphate. In experiments done at 25 °C (Fig. 5) it was found that most of 
the phosphate that enters the cell is very quickly transformed into organic 
compounds. In another experiment (not shown) the cells were analyzed after 
1 min of uptake and the % present as orthophosphate was only 5% of that 
taken up. If the phosphate is not esterified during the entry into the cell, 
most of it is certainly esterified very rapidly after entry. At lower temperatures, 
where the rate of phosphate accumulation is decreased, more of the phosphate 
appears as orthophosphate at short times (Fig. 5), but esterification processes 
soon reduce the % of orthophosphate in the cell to the same level as observed 
at 25 °C. 
mfjLmoles/lQ* cellsfmin 
100 NaCl, 20 mM 1.64 100 
54 NaCl, 80 mM 1.26 77 
83 LiCl, 20 mM 0.94 57 
39 LiCl, 60 mM 0.77 47 
100 LiCl, 80 MM 0.66 40 
100 LiCl, 60 ml 
NaCl, 20 mMj 
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C. Relation between Induced Phosphatase Activity and Phosphate Uptake 
In experiments which need not be shown here, it was found that the rise in 
acid phosphatase activity above the constitutive level began at the same time 
as the ability of the cells to accumulate phosphate from the medium and 
that both the induced acid phosphatase activity and the rate of phosphate 
accumulation increased in approximately parallel fashion. It is therefore 
FIGURE 5. Distribution of accumulated phosphate in induced Euglena. P
32-labeled 
phosphate was added to the cells at zero time. Samples were taken at the times shown, 
washed, and the incorporated phosphate fractionated into three categories (see Meth-
ods): orthophosphate, open triangles; TCA-soluble compounds, open circles; TCA-
insoluble compounds, open squares. The rates of uptake of phosphate by the cells used 
at 25.0°C and the cells used at 15.5°C were 2.94 and 0.45 mjumoles/10
6 cells/min, 
respectively. The initial concentrations and specific activities of the phosphate were 
0.876 MM and 49,160 cPM/jumole for the experiment at 25.0°C and 0.193 MM and 
89,100 CPM//xrnole for the experiment at 15.5°C. 
important to attempt to establish whether the induced phosphatase, known 
to be located at the notch region of each pellicle complex (11), is involved in 
phosphate uptake, or whether the transport system is a separate induced 
system. 
We have shown (Table II) that LiCl, NaCl, and KC1 inhibit the uptake of 
phosphate by Euglena. When the effect of these salts on the phosphatase 
activity of induced toluene-treated cells was examined, it was found that at 
concentrations up to 0.2 M (the highest tested) there was no inhibition of the 
induced acid phosphatase. Another substance which inhibits phosphate J. J. BLUM Phosphate Uptake by Phosphate-Starved, Euglena 35! ג 
uptake of induced cells is primycin, an antibiotic which inhibits the growth 
of Euglena and which prevents the formation of the induced acid phosphatase 
(17). When primycin (at 16 jug/ml) was added to induced Euglena at the be-
ginning of a phosphate uptake measurement, it was observed that the rate of 
uptake was 0.70 m/zmole/min/10
6 cells as compared to 2.71 for the control 
cells. This concentration of primycin, however, did not inhibit the phos-
phatase activity of toluene-treated induced cells. Thus it is possible to con-
siderably inhibit phosphate uptake without interfering with the activity of 
the induced enzyme. It has been reported that Astasia longa, a close relative 
of E. gracilis, has a lower level of constitutive acid phosphatase activity than 
Euglena and does not form an induced phosphatase in response to phosphate 
deprivation (8). When phosphate-deprived Astasia were tested, it was found 
that their rate of uptake was 0.80 m/zmole/10
6/min, only a factor of three 
to four times slower than the uptake rate of induced Euglena. This demon-
strates that at least 25% of the uptake rate can occur in the absence of any 
induced enzyme. If it were possible to find conditions under which the phos-
phatase activity could be inhibited without interfering with phosphate uptake, 
as has been done with yeast (5, 6), one could conclude that the induced 
enzyme was not involved in the transport process. Since it was demonstrated 
earlier (8) that the induced phosphatase had virtually no activity at pH 8, 
the uptake of phosphate was measured at pH 8, but was found to be greatly 
inhibited compared to the rate at pH 5 or pH 6.7. Similarly, at pH 3 the 
rate of uptake was about 40% of the rate at pH 6.7 and the phosphatase ac-
tivity (measured on toluene-treated cells) was 21% of the rate at pH 5 and, 
therefore, about 25% of the rate at pH 6.7 (8). Thus the inhibition of phos-
phatase at low and at high pH is accompanied by inhibtion of phosphate 
uptake. 
Since arsenate competitively inhibits phosphate uptake in Euglena (see 
above), it was of interest to examine the effect of arsenate on the induced 
phosphatase activity. For this purpose induced cells and, also, constitutive 
cells (cells grown in high phosphate medium) were collected, treated with 
toluene, and suitable aliquots were frozen for assay at pH 7 in the presence 
of 5 mM fluoride; i.e., at conditions under which the constitutive acid phos-
phatase activity is small (8). The data obtained with constitutive cells at 
various arsenate and /?-nitrophenylphosphate concentrations were suggestive 
of competitive inhibition by arsenate, but the rates were so small that no 
kinetic inferences could be made. The data from the constitutive cells, how-
ever, were suitable for correcting the data obtained from the induced cells, 
and these data, referring only to the activity of the induced phosphatase, are 
shown in Fig. 6. It can be seen that arsenate is a competitive inhibitor of the 
induced acid phosphatase. The K! for arsenate under these conditions is 
5.0 X 10־
s M, a value one order of magnitude less than that found for the 1g66  VOLUME 49 •  THE JOURNAL OF GENERAL PHYSIOLOGY •  I I
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inhibition constant of arsenate on the uptake of phosphate. Thus, although 
primycin and certain monovalent ions can inhibit phosphate uptake without 
inhibiting the activity of the induced phosphatase, experiments aimed at 
showing that it is possible to inhibit the enzyme without inhibiting phosphate 
uptake have, instead, suggested a correlation between inhibition of the 
enzyme and inhibition of uptake. The present evidence, therefore, is not 
ARSENATE (MXIO4) 
FIGURE 6. Competetive inhibition by arsenate of the phosphatase activity of Euglena. 
Induced and constitutive cells were collected after growth in phosphate-deficient and 
phosphate-containing media, respectively, treated with toluene, and frozen until ready 
to be assayed. The assay was performed at 30°C in 0.05 M Tris-malate, pH 7.0, con-
taining 5 MM sodium fluoride, with /)-nitrophenylphosphate as substrate. The rates of 
hydrolysis (in m/imoles/min/10
6 cells) by constitutive cells, Vc, were subtracted from 
the rates of hydrolysis of the induced cells, Vi, and the reciprocal of this difference is 
plotted as the ordinate in the lower part of the figure. For competitive inhibition, 
1/(F< - Vc) = Xm[I]/Vr,JCi[S] + (Km + This can be written as 
1 /(Vi — Vc) = AI + B. In the upper part of the figure, A and B are plotted against 
1 /[5], where S is in millimoles/liter. From the slopes of these lines, the following values 
were obtained: Km, 0.37 mM; Vm, 10 mjtmoles/min/10
6 cells; K! , 5.0 /JM. 
incompatible with the view that the induced enzyme participates in phosphate 
transport. 
DISCUSSION 
The uptake of phosphate by phosphate-starved Euglena has several features 
characteristic of an active transport system: it is saturable, it is competitively 
inhibited by an analogue of phosphate (i.e., arsenate), and it is dependent 
on a supply of energy as indicated by its sensitivity to dinitrophenol. None of 
these criteria, however, is sufficient to prove that the uptake is indeed an ג !35  J. J. BLUM Phosphate Uptake by Phosphate-Starved, Euglena 
active process. A sufficient criterion would be the demonstration that the 
orthophosphate concentration inside the cell is greater than could be ac-
counted for by electrochemical equilibrium. In a typical experiment the 
phosphate uptake rate was about 3 mjumoles/10
6 cells/min and after 30 min 
at least 3% of the intracellular phosphate, i. e. 2.7 mp,moles/10
6 cells, was 
orthophosphate. The volume of Euglena is about 2,000 n
3/cell or 2 • 10
3־ 
cc/10
6 cells. Assuming that the entire volume is available, the intracellular 
concentration of orthophosphate was 1.35 ^moles/ml cell, or 1.35 mM. The 
initial external concentration of phosphate in this experiment was 0.19mM, 
so that the ratio of intracellular phosphate to extracellular phosphate is about 
7. The free energy required to transfer ions against a concentration gradient 
from outside the cell to inside the cell is given by AG = RT In (ci/c״), where 
a and c0 are the intracellular and extracellular concentrations, respectively. 
For ions at equilibrium, AG = —nEF, where n = the charge on the ion (we 
will assume that H2P07 is the species transported (2), so that n = — 1), F 
is Faraday's constant, and E is the electrical potential across the cell surface. 
At 298 °K, for ci/c0 equal to 7, E would have to be about 50 mv, with the 
inside of the cell being positive relative to the outside. In virtually all cells 
yet examined (excluding events occurring during action potentials) the 
resting potential is of the same general magnitude, but opposite in direction. 
If, as seems highly probable, the potential in Euglena is in the same direction 
as in all other cells, then in phosphate-deprived Euglena phosphate is accumu-
lated against a concentration gradient and against an electrical gradient. 
Assuming that the intracellular orthophosphate concentration measured in 
these experiments is not an artifact due to hydrolysis of very unstable esters, 
it may be concluded that phosphate accumulation in phosphate-starved 
Euglena is an active transport process. 
The phosphate transport system in Euglena differs from the phosphate 
transport system in yeast in several respects. Euglena accumulates arsenate at 
a rate much smaller than it accumulates phosphate, whereas in yeast the 
rate of arsenate uptake is almost the same as the rate of phosphate uptake. 
The marked preference of yeast for potassium as opposed to other mono-
valent cations such as sodium (2), as an accompanying ion to maintain 
electroneutrality is not observed in Euglena. Instead, one finds that monovalent 
cations inhibit phosphate uptake by Euglena, suggesting that either positive 
ions are synthesized metabolically or that Tris(hydroxymethyl)aminomethane 
penetrates Euglena more easily than sodium, potassium, or lithium ions. 
The acid phosphatase of yeast, which may be localized near the surface of 
the cell (10, 11), and which rapidly increases in activity upon growth in 
phosphate-deficient media (4), seems to play no role in phosphate transport, 
since both Rothstein and Meier (5) and Borst Pauwels (6) were able to inhibit 
the acid phosphatases of yeast without preventing phosphate uptake. The THE JOURNAL OF GENERAL PHYSIOLOGY • VOLUME 49 • 1g66  I I 14 
ability of Euglena to accumulate phosphate against an electrochemical 
gradient appears at about the same time that an induced acid phosphatase, 
localized in the groove region of each pellicle complex (11), is formed. We 
have found several conditions which inhibit phosphate uptake without inter-
fering with phosphatase activity, but conditions which inhibited enzyme 
activity without also inhibiting phosphate uptake have not been found. It is 
possible, therefore, that the acid phosphatase of Euglena is also a part of the 
transport process. 
Received, far publication 20 September 1965. 
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